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[57] ABSTRACT 

A treating liquid ?rst in a treating bath is replaced With a 

second treating liquid by supplying the second treating 
liquid to an upper position of the treating bath While dis 

charging the ?rst treating liquid from a loWer position of the 
treating bath. The replacement is effected With a balance 

maintained between a quantity of the ?rst treating liquid 

discharged and a quantity of the second treating liquid 
supplied. With this method, the ?rst treating liquid in the 
treating bath is replaceable With a reduced quantity of the 

second treating liquid. This treating liquid replacing method 
alloWs a substrate to be treated ef?ciently With a plurality of 

treating liquids in one treating bath. 

12 Claims, 9 Drawing Sheets 
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Fig.8 

I ENTRY I 

S3 I REPLACE DEIONI ZED 
WATER WITH CHEMICAL 

S32 TREAT WAFER WITH 
CHEMICAL AS NECESSARY 

S33 REPLACE CHEMICAL 
WITH DEIONI ZED WATER 

DENSITY BELOW 
PREDETERMINED S35 

S36 TREAT WAFER WITH 
DEIONI ZED WATER 
OVERFLOWING BATH 

r 

S34 RES I STI VITY 
RECOVERED‘? 

S37 ' AFER TREATMEN 
COMPLETED? 



U.S. Patent 0a. 27, 1998 Sheet 8 of9 5,826,601 

Fig_9 
OP 1%,9 12 22 

S41 

SUPPLY IPA INTO CHAMBER 

S42 

RAISE WATER ‘FROM BATH 

S43 

STOP IPA SUPPLY 

S44 
DRAIN DEIONIZED WATER FROM BATH 

S45 

DECOMPRESS CHAMBER FOR PREDETERMINED TIME 

S46 

RETURN CHAMBER TO ATMOSPHERIC PRESSURE 

( RETURN ) 



U.S. Patent 0a. 27, 1998 Sheet 9 0f 9 5,826,601 

mp 

KMQAOFHZOU 8 Q U: n: 

m: 

OPP moP 

$ 

r& 
- . N 

Q U2 ,m 5 lo a m n6 

qq mw 



5,826,601 
1 

TREATING LIQUID REPLACING METHOD, 
SUBSTRATE TREATING METHOD AND 
SUBSTRATE TREATING APPARATUS 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to substrate treating appa 

ratus for treating semiconductor Wafers, glass substrates for 
liquid crystal displays, masks, reticles and the like 
(hereinafter referred to as “substrates”) in piecemeal pro 
cessing or batch processing. More particularly, the invention 
relates to a treating liquid replacing method for replacing 
one type of treating liquid in a substrate treating bath With 
another type of treating liquid, a substrate treating method 
utiliZing the treating liquid replacing method, and a substrate 
treating apparatus suited for executing the treating liquid 
replacing method and substrate treating method. 

(2) Description of the Related Art 
In this type of substrate treating apparatus, a substrate is 

treated by being immersed in a treating liquid stored in a 
treating bath, and is raised from the treating liquid after 
treatment. Particles of dust ?oating on the surface of the 
treating liquid in the treating bath, if any, Would adhere to 
the substrate When the latter is raised, Which is undesirable. 
Thus, the conventional apparatus treats substrates in an 
over?oW mode in order to eliminate such particles from the 
liquid surface. That is, during treatment of a substrate, a 
treating liquid is supplied into the treating bath through a 
treating liquid supply pipe connected to the bottom of the 
treating bath. The treating liquid over?oWing the treating 
bath is discharged through an over?oW passage provided in 
an upper position of the treating bath. Particles ?oating on 
the liquid surface in the treating bath are removed ef?ciently 
along With the treating liquid discharged through the over 
?oW passage. 

This type of substrate treating apparatus is sometimes 
used to treat a substrate With different types of chemicals 
(treating liquids) successively. In such a case, for example, 
the substrate is treated With liquids supplied in the order of 
a ?rst chemical, deioniZed Water (Which is one of the treating 
liquids), a second chemical (different from the ?rst 
chemical), deioniZed Water, a third chemical (different from 
the ?rst and second chemicals), deioniZed Water, and so on. 
The treatment With each treating liquid is performed in the 
over?oW mode. 
Where each treating liquid is supplied into a separate 

treating bath, the substrate treated With one treating liquid 
must be transported to a different treating bath for treatment 
With another treating liquid. During the transport, the sub 
strate contacts the atmosphere, resulting in the inconve 
nience that particles ?oating in the atmosphere or those 
generated from transport robots adhere to the substrate. 

There is also a knoWn type of apparatus constructed to 
carry out treatment in a single treating bath, in Which a 
treating liquid (?rst treating liquid) in the treating bath is 
replaced With a next treating liquid (second treating liquid) 
so that the substrate under treatment remains out of contact 
With the atmosphere. This knoWn apparatus also treats the 
substrate With each treating liquid in the over?oW mode. 
SWitching is made among different types of chemicals and 
deioniZed Water to be supplied through a treating liquid 
supply pipe connected to the bottom of the treating bath. The 
second treating liquid supplied through the supply pipe 
connected to the bottom of the treating bath causes the ?rst 
treating liquid to over?oW from the top of the treating bath 
and to be discharged through an over?oW passage. In this 
Way, replacement of the treating liquids is achieved. 
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2 
In such a conventional system, a boundary plane betWeen 

the ?rst treating liquid in the treating bath and the second 
treating liquid suppled to the bottom of the treating bath 
should ideally rise in a horiZontal state. Then, the second 
treating liquid forces the ?rst treating liquid over the top and 
out of the bath, thereby replacing the ?rst treating liquid. 

Actually, hoWever, the liquid replacement is not effected 
in the ideal state noted above. For the treating liquid supply 
pipe in the bottom of the treating bath de?nes a plurality of 
treating liquid supply bores, and the treating liquids (e. g. the 
second treating liquid) are supplied through these bores. 
This construction, combined With the substrate and a sub 
strate holder (eg a cassette used in batch processing) 
presenting obstacles, produces turbulence of the second 
treating liquid supplied into the treating bath. There also 
occur dead spaces Which are detrimental to the smooth How 
of the second treating liquid supplied to the bottom of the 
treating bath. 
An experiment has been conducted to replace one treating 

liquid With another, using the conventional treating liquid 
replacing method. It has been found that the second treating 
liquid is required (ie has to be supplied) in a quantity equal 
to 3 to 10 times the capacity of the treating bath to com 
pletely replace the ?rst treating liquid in the treating bath 
completely. 

Thus, the conventional method of replacing treating liq 
uids consumes large quantities of treating liquids (various 
chemicals and deioniZed Water), resulting in high operating 
cost. 

SUMMARY OF THE INVENTION 

The present invention has been developed With regard to 
the state of the art noted above, and its object is to provide 
a treating liquid replacing method Which enables one type of 
treating liquid to be replaced With another type of treating 
liquid supplied in a reduced quantity, a substrate treating 
method utiliZing this treating liquid replacing method, and a 
substrate treating apparatus suited for executing the treating 
liquid replacing method and substrate treating method. 
The above object is ful?lled, according to the present 

invention, by a treating liquid replacing method for replac 
ing a ?rst treating liquid stored in a treating bath for treating 
a substrate, With a second treating liquid, the method com 
prising: 

supplying the second treating liquid to an upper position 
of the treating bath While discharging the ?rst treating 
liquid stored in the treating bath from a loWer position 
of the treating bath, the ?rst treating liquid being 
discharged and the second treating liquid being sup 
plied With a balance maintained betWeen a quantity of 
the ?rst treating liquid discharged and a quantity of the 
second treating liquid supplied, thereby to replace the 
?rst treating liquid With the second treating liquid. 

With this treating liquid replacing method, the ?rst treat 
ing liquid in the treating bath of the substrate treating 
apparatus is replaced With the second treating liquid by 
supplying the second treating liquid to the upper position of 
the treating bath While discharging the ?rst treating liquid 
from the loWer position of the treating bath. Thus, the ?rst 
treating liquid is replaced by utiliZing gravitational doWn 
?oWs of the treating liquids in the treating bath. This method 
suppresses turbulence of the treating liquids in the treating 
bath due to obstructions by the substrate and a substrate 
holder or cassette, such turbulence being encountered in the 
prior art Where treating liquid replacement is performed in 
an upWard ?oW mode counter to gravity. This method also 
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diminishes dead spaces detrimental to smooth ?oWs of the 
second treating liquid. Consequently, the ?rst treating liquid 
is replaced With the second treating liquid smoothly, thereby 
requiring a reduced quantity of the second treating liquid 
neWly supplied as a replacement, and loWering running cost. 

Further, the ?rst treating liquid is discharged and the 
second treating liquid supplied With a balance maintained 
betWeen a quantity of the ?rst treating liquid discharged and 
a quantity of the second treating liquid supplied. This feature 
is effective to avoid inconveniences occurring during the 
treating liquid replacement, such as loWering of the liquid 
level in the treating bath to expose the substrate in the 
treating bath to the atmosphere, or rising of the liquid level 
resulting in the treating liquid over?oWing the top of the 
treating bath. 

Abalance may be maintained betWeen the quantity of the 
?rst treating liquid discharged and the quantity of the second 
treating liquid supplied, by monitoring a liquid level in the 
treating bath While the second treating liquid is replacing the 
?rst treating liquid. Then, at least either the quantity of the 
?rst treating liquid discharged or the quantity of the second 
treating liquid supplied may be controlled to maintain the 
liquid level at a predetermined standard level. 

The treating liquids (?rst treating liquid and second 
treating liquid) include one of various types of chemicals, 
and deioniZed Water. In the above method, When a chemical 
is replaced With deioniZed Water, the ?rst treating liquid 
comprises the chemical and the second treating liquid deion 
iZed Water. When deioniZed Water is replaced With a 
chemical, the ?rst treating liquid comprises deioniZed Water 
and the second treating liquid the chemical. 

Asubstrate treating method employing the above treating 
liquid replacing method, according to the present invention, 
is intended for treating a substrate immersed in a treating 
liquid. This substrate treating method comprises: 

supplying a second treating liquid to an upper position of 
a treating bath While discharging, from a loWer position 
of the treating bath, a ?rst treating liquid stored in the 
treating bath in Which the substrate is immersed, the 
?rst treating liquid being discharged and the second 
treating liquid being supplied With a balance main 
tained betWeen a quantity of the ?rst treating liquid 
discharged and a quantity of the second treating liquid 
supplied, thereby to replace the ?rst treating liquid With 
the second treating liquid, the substrate being subse 
quently treated With the second treating liquid. 

With this method, the substrate is treated With the second 
treating liquid While the ?rst treating liquid in the treating 
bath is replaced ef?ciently With the second treating liquid. 
During the treating liquid replacement, the second treating 
liquid is in doWn?oW state, and the substrate is treated also 
With the second treating liquid ?oWing doWnWard. This 
substrate treating method, When executed in the folloWing 
speci?c mode, produces a further enhanced effect. 
When the second treating liquid comprises a chemical, the 

second treating liquid may be supplied to the upper position 
of the treating bath and discharged from the loWer position 
of the treating bath, after the ?rst treating liquid is replaced 
With the second treating liquid, to treat the substrate With the 
second treating liquid in the doWn?oW mode for a prede 
termined time. Thus, the chemical contaminated after the 
treatment is discharged from the loWer position of the 
treating bath, to enhance the effect of treatment. 

Further, When the second treating liquid comprises a 
chemical, supply and discharge of the second treating liquid 
may be stopped for a predetermined time, after the ?rst 
treating liquid is replaced With the second treating liquid, to 
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4 
treat the substrate With the second treating liquid as 
immersed in the second treating liquid. 
When the second treating liquid comprises deioniZed 

Water, the second treating liquid may be supplied to the 
loWer position of the treating bath and discharged from the 
upper position of the treating bath, after the ?rst treating 
liquid is replaced With the second treating liquid, to treat the 
substrate With the second treating liquid in over?oWing 
state. It is desirable that the deioniZed Water used for treating 
the substrate has loW oXygen concentration. Even Where 
substrate treatment is conducted in atmospheric condition, 
surface portions of the deioniZed Water contacting the atmo 
sphere are discharged from the upper position of the treating 
bath since the substrate is treated With deioniZed Water in 
over?oWing state as described above. Thus, oXygen does not 
easily dissolve in the deioniZed Water in the treating bath, 
alloWing an effective substrate treatment With deioniZed 
Water. 

After completing the treatment of the substrate With the 
treating liquid stored in the treating bath and before raising 
the substrate from the treating bath, deioniZed Water may be 
supplied to the loWer position of the treating bath and 
discharged from the upper position of the treating bath so 
that the deioniZed Water is in over?oWing state. The sub 
strate may be raised from the treating bath While the deion 
iZed Water is in the over?oWing state. With the deioniZed 
Water over?oWing the treating bath, particles and the like 
?oating on the Water surface and oXygen-laden part of the 
deioniZed Water are discharged from the upper position of 
the treating bath. By raising the substrate in such condition, 
particles and the like are restrained from adhering to the 
substrate adjacent the Water surface. 
The substrate may be treated With a plurality of different 

chemicals based on a recipe. In this case, the substrate is 
treated With deioniZed Water after treatment With each of the 
chemicals. Each chemical acts as the ?rst treating liquid 
replaced With the deioniZed Water acting as the second 
treating liquid. The replacement is effected by supplying the 
deioniZed Water to the upper position of the treating bath and 
discharging each chemical from the loWer position of the 
treating bath. The deioniZed Water, noW acting as the ?rst 
treating liquid, is replaced With each chemical, acting as the 
second treating liquid, by supplying the chemical to the 
upper position of the treating bath and discharging the 
deioniZed Water from the loWer position of the treating bath. 
In this Way, a series of substrate treatments With different 
types of chemicals and deioniZed Water may be implemented 
in a single treating bath While replacing the treating liquids 
ef?ciently. 

In carrying out the series of substrate treatments With 
different types of chemicals and deioniZed Water, the resis 
tivity of the deioniZed Water discharged from the treating 
bath may be monitored at least during a ?nal treatment With 
deioniZed Water. Then, the ?nal treatment With deioniZed 
Water is terminated under a control based on a level of the 
resistivity. In the presence of particles Washed off the 
substrate, the resistivity of the deioniZed Water discharged 
from the treating bath is loW, indicating that the treatment is 
insufficient. By continuing the substrate treatment With 
deioniZed Water until recovery of the resistivity of the 
deioniZed Water as noted above, the substrate treatment may 
be terminated only upon con?rmation of suf?cient treatment 
being provided, thereby to assure increased precision of 
substrate treatment. For eXample, the substrate may be 
treated With liquids supplied in the order of a ?rst chemical, 
deioniZed Water, a second chemical, deioniZed Water, a third 
chemical and deioniZed Water. In this case, the substrate is 
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?nally treated with deionized water after treatment with the 
third chemical. However, a treatment with deionized water 
following a treatment with each chemical may be continued 
until recovery of the resistivity of the deioniZed water. In the 
latter case, the substrate treatment may be performed while 
con?rming that each chemical has been washed away by the 
deioniZed water used in the treatment following the treat 
ment with that chemical. 

The treating bath may be mounted in a closed chamber, so 
that replacement of the treating liquid and treatment of the 
substrate are carried out while the closed chamber is ?lled 
with an inert gas. In this case, unlike where replacement of 
the treating liquid and treatment of the substrate are carried 
out in atmospheric condition, oXygen does not dissolve in 
deioniZed water during treatment with the deioniZed water, 
for eXample. Thus, the entire substrate treatment, including 
treatment with deioniZed water, and replacement of the 
treating liquid, may be performed in the down?ow mode. 
Where substrate treatment is carried out in an inert gas 

atmosphere, with deioniZed water acting as the second 
treating liquid, oXygen concentration in the closed chamber 
may be measured after the ?rst treating liquid is replaced 
with the second treating liquid. If the oXygen concentration 
measured is at or above a predetermined level, the treating 
liquid may be supplied to the lower position of the treating 
bath and discharged from the upper position of the treating 
bath, to treat the substrate with the second treating liquid in 
over?owing state. This measure can cope with impairment 
of the inert gas atmosphere. 

The treating bath may be mounted in a decompressible 
closed chamber de?ning a space above the treating bath for 
drying the substrate raised from the treating bath with an 
organic solvent vapor. In this case, the substrate is raised 
from the treating bath while the organic solvent vapor is 
supplied into the closed chamber, after the substrate is 
treated as immersed in the treating liquid stored in the 
treating bath. Subsequently, supply of the organic solvent 
vapor is stopped and the closed chamber is decompressed, to 
effect drying treatment of the substrate. This effectively 
avoids the inconvenience of forming water marks on the 
surface of the treated substrate, to assure substrate treatment 
performed with high precision. 

In a further aspect of the present invention, there is 
provided a substrate treating apparatus suited for executing 
the above treating liquid replacing method and substrate 
treating method. This apparatus, having a treating bath for 
treating a substrate immersed in treating liquids, comprises: 

an upper treating liquid supply device for supplying a 
treating liquid to an upper position of the treating bath; 

an upper treating liquid discharge device for discharging 
a treating liquid from the upper position of the treating 
bath; 

a lower treating liquid supply device for supplying a 
treating liquid to a lower position of the treating bath; 
and 

a lower treating liquid discharge device for discharging a 
treating liquid from the lower position of the treating 
bath. 

With this apparatus, while the lower treating liquid dis 
charge device discharges a treating liquid from the treating 
bath, the upper treating liquid supply device supplies a 
different treating liquid to the treating bath, thereby execut 
ing the efficient treating liquid replacing method according 
to the present invention described above. This state may be 
maintained or continued to treat the substrate in the down 
?ow mode. When the lower treating liquid supply device 
supplies a treating liquid which over?ows the upper position 
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of the treating bath, the upper treating liquid discharge 
device discharges the treating liquid, thereby effecting sub 
strate treatment in the over?ow mode. By treating the 
substrate with deioniZed water in over?owing state, the 
substrate treatment may be effected with a reduced quantity 
of oXygen dissolved in the deioniZed water. Further, the 
substrate may be raised from the treating bath while deion 
iZed water is over?owing the treating bath, thereby to avoid 
adhesion of particles to the substrate adjacent the water 
surface. These features assure substrate treatment performed 
with high precision. 

The upper treating liquid discharge device and the upper 
treating liquid supply device may comprise an over?ow 
passage disposed adjacent the upper position of the treating 
bath for allowing the treating liquid to ?ow into and out of 
the treating bath, and a ?rst switching device for switching 
between discharge of the treating liquid spilling from the 
treating bath to the over?ow passage and in?ow of the 
treating liquid from the over?ow passage to the treating 
bath. The lower treating liquid discharge device and the 
lower treating liquid supply device may comprise a drain/ 
supply pipe connected to the lower position of the treating 
bath, and a second switching device for switching between 
discharge of the treating liquid from the treating bath to the 
drain/supply pipe and in?ow of the treating liquid from the 
drain/supply pipe to the treating bath. These features provide 
a simpli?ed construction of the apparatus. 
The apparatus may further comprise a level detecting 

device for detecting a level of the treating liquid in the 
treating bath, and a ?ow control device for controlling, 
based on the level detected, at least either a quantity of the 
treating liquid discharged from the treating bath or a quantity 
of the treating liquid supplied to the treating bath to maintain 
a predetermined level. With this construction, the liquid 
level may be controlled to be the predetermined level in real 
time while detecting the liquid level in the treating bath. For 
eXample, the treating liquid replacement may be carried out 
while controlling the liquid level to be constant. 
Consequently, the inconveniences of the substrate contact 
ing the atmosphere and the treating liquid over?owing the 
upper position of the treating bath may be avoided with 
greater assurance. 
The apparatus may further comprise a resistivity measur 

ing device for detecting a resistivity of deioniZed water 
acting as the treating liquid discharged from the treating 
bath, and a control device for controlling, based on the 
resistivity measured, at least termination of a ?nal treatment 
of the substrate with the deioniZed water. Then, the substrate 
treatment may be terminated upon con?rmation that the 
substrate has been treated with deioniZed water suf?ciently. 
The apparatus may also comprise a closed chamber for 

accommodating the treating bath, and an inert gas supplying 
device for ?lling the closed chamber with an inert gas. Then, 
the substrate treatment and treating liquid replacement may 
be carried out in an inert gas atmosphere. This eliminates the 
inconvenience of oXygen dissolving in deioniZed water used 
in the substrate treatment, to assure the substrate treatment 
performed with high precision. 

The apparatus having the closed chamber and inert gas 
supply device may further comprise an oXygen concentra 
tion measuring device for measuring oXygen concentration 
in the closed chamber, and a control device for discharging 
a chemical acting as a ?rst treating liquid from the lower 
position of the treating bath, and supplying deioniZed water 
acting as a second treating liquid to the upper position of the 
treating bath, to replace the chemical with the deioniZed 
water, if the oxygen concentration measured is at or above 
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a predetermined level. DeioniZed Water is thereafter sup 
plied to the loWer position of the treating bath and dis 
charged from the upper position of the treating bath, to treat 
the substrate With the deioniZed Water in over?owing state. 
This construction restrains oxygen from dissolving in deion 
iZed Water during the substrate treatment With the deioniZed 
Water even if the inert gas atmosphere is impaired. 

The apparatus may comprise a decompressible closed 
chamber for accommodating the treating bath and de?ning 
a space above the treating bath for drying the substrate raised 
from the treating bath With an organic solvent vapor, an 
organic solvent vapor supplying device for ?lling said 
closed chamber With the organic solvent vapor, and a control 
device for raising the substrate While supplying the organic 
solvent vapor, after the substrate is treated With the treating 
liquid, and subsequently stopping supply of the organic 
solvent vapor and decompressing the closed chamber, 
thereby to effect drying treatment of the substrate. With this 
construction, the treating bath is mounted in the closed 
chamber, and the organic solvent vapor is ?lled into the 
closed chamber, after the substrate is treated as immersed in 
the treating liquid stored in the treating bath. Then, the 
substrate is raised into an atmosphere of the organic solvent 
vapor to be dried therein. This effectively avoids the incon 
venience of forming Water marks on the surface of the 
treated substrate, to assure substrate treatment performed 
With high precision. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, there are 
shoWn in the draWings several forms Which are presently 
preferred, it being understood, hoWever, that the invention is 
not limited to the precise arrangements and instrumentalities 
shoWn. 

FIG. 1 is a schematic overall vieW of a ?rst embodiment 
of a substrate treating apparatus of the present invention; 

FIG. 2 is a perspective vieW of a treating bath; 

FIG. 3 is a ?oWchart shoWing a sequence of substrate 
treatment in the ?rst embodiment; 

FIG. 4 is a vieW in vertical cross-section of a modi?ed 
treating bath; 

FIG. 5 is a schematic overall vieW of a second embodi 
ment of the substrate treating apparatus of the invention; 

FIG. 6 is a main ?oWchart shoWing a sequence of sub 
strate treatment in the second embodiment; 

FIG. 7 is a ?oWchart shoWing a sequence of treatment for 
a substrate introduced into a treating bath in the second 

embodiment; 
FIG. 8 is a ?oWchart shoWing a different sequence of 

treatment for a substrate introduced into the treating bath in 
the second embodiment; 

FIG. 9 is a schematic vieW shoWing a principal portion of 
a modi?cation of the second embodiment (i.e. an integrated 
mixing valve); 

FIG. 10 is a schematic overall vieW of a third embodiment 
of the substrate treating apparatus of the invention; and 

FIG. 11 is a ?oWchart shoWing a sequence steps for drying 
a treated substrate in the third embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Preferred Embodiments of the present invention Will be 
described in detail hereinafter With reference to the draW 
ings. 
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First Embodiment 

FIG. 1 is a schematic overall vieW of a substrate treating 
apparatus in a ?rst embodiment of the present invention. 
FIG. 2 is a perspective vieW of a treating bath. In FIG. 1, the 
treating bath is shoWn in vertical cross-section. 

In this embodiment, a treating bath 1 is mounted in an 
open chamber 2. The chamber 2 includes a pair of auto 
covers 2a and 2b movable betWeen open and closed posi 
tions above the treating bath 1, respectively, and an exhaust 
pipe 2c connected to a bottom position of the chamber 2. 
When the auto covers 2a and 2b are opened as shoWn by 
phantom lines in FIG. 1, a substrate or Wafer W is introduced 
into the treating bath 1 through an upper opening 2d of the 
chamber 2 by a transport robot, not shoWn. The Wafer W, 
supported by a Wafer holder (not shoWn), is treated in the 
treating bath 1. The chamber 2 is not sealed gas-tight, and 
hence Wafer treatment is performed in atmospheric condi 
tions. 

The treating bath 1 includes an over?oW passage 3 formed 
on an upper portion thereof for alloWing treating liquids to 
How into and out of the treating bath 1. The treating bath 1 
further includes a drain/supply pipe 4 communicating With 
loWer positions thereof. 
The over?oW passage 3 guides a treating liquid over?oW 

ing the treating bath 1 into a pipe 5 through bores 3a. The 
over?oW passage 3 also receives a treating liquid from the 
pipe 5 through the bores 3a, and alloWs this treating liquid 
to How into the treating bath 1. The over?oW passage 3 has 
outer Walls 3b formed higher than inner Walls 3c, so that the 
treating liquid supplied to the over?oW passage 3 ?oWs into 
the treating bath 1 instead of spilling over the outer Walls 3b 
of the over?ow passage 3. 
The pipe 5 extending from the over?oW passage 3 is 

connected to a common port CP of a three-Way valve 6. The 
three-Way valve 6 has a port P1 connected to a drain 7. When 
the common port CP is placed in communication With the 
port P1, the treating liquid over?oWing the treating bath 1 is 
drained through the over?oW passage 3 and pipe 5 into the 
drain 7. This drain line includes a resistivity meter 8 for 
detecting resistivity of the treating liquid discharged to the 
drain 7. 

The three-Way valve 6 further includes a port P2 con 
nected to an output port OP of an integrated mixing valve 9. 
Aplurality of chemical sources 11a—11d are connected to the 
mixing valve 9 through sWitch valves 10a—10a' for individu 
ally supplying various chemicals (e.g. HCl, H202, NH4OH 
and HF) to the output port OP. While four chemical sources 
are shoWn in FIG. 1 by Way of example, the number thereof 
is dependent on the number of different chemicals used. 
Further, a deioniZed Water source 13 is connected to the 
mixing valve 9 through a sWitch valve 12. By appropriately 
operating the sWitch valves 10a—10d and 12, a selected one 
of the chemicals or deioniZed Water is supplied to the output 
port OP of mixing valve 9. 
When the common port CP and port P2 of three-Way 

valve 6 are placed in communication With each other, the 
chemical or deioniZed Water supplied to the output port OP 
of mixing valve 9 is supplied to the treating bath 1 through 
the pipe 5 and over?oW passage 3. 
The drain/supply pipe 4 connected to the bottom of the 

treating bath 1 receives a treating liquid draWn from the 
treating bath 1 through a plurality of bores 4a, and alloWs the 
treating liquid to How into a pipe 14. The drain/supply pipe 
4 also alloWs a treating liquid to be supplied from the pipe 
14 into the treating bath 1 through the bores 4a. 
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The pipe 14 extending from the drain/supply pipe 4 is 
connected to an integrated switch valve 15. The integrated 
sWitch valve includes tWo sWitch valves 16 and 17. By 
appropriately operating the sWitch valves 16 and 17, the pipe 
14 may be connected to a drain 18 or to a deioniZed Water 
source 19 Which Will be described hereinafter. 

The drain 18 is connected to the sWitch valve 16 through 
a chemical concentration monitor 20, and a How control 
valve 21 operable by a motor 21a. When the sWitch valve 16 
is opened and the sWitch valve 17 is closed, the treating 
liquid in the treating bath 1 is draWn therefrom through the 
drain/supply pipe 4 and the pipe 14 into the drain 18. 

The sWitch valve 17 is connected to the deioniZed Water 
source 19 through a sWitch valve 22 and a How control valve 
23 arranged in parallel. When the sWitch valve 16 is closed 
and the sWitch valve 17 opened, deioniZed Water is supplied 
from the deioniZed Water source 19 to the treating bath 1 
through the pipe 14 and drain/supply pipe 4. When the 
sWitch valve 22 is opened at this time, deioniZed Water is 
supplied to the treating bath 1 in a quantity required for 
normal Wafer treatment in an over?oW condition. On the 
other hand, When the sWitch valve 22 is closed, the How 
control valve 23 loWers the How rate of deioniZed Water 
Whereby the deioniZed Water is supplied to the treating bath 
1 at a minimum required ?oW rate. 

The treating bath 1 further includes a level sensor 24. This 
sensor 24 has a tube 24a immersed in the treating liquid in 
the treating bath 1. The tube 24a de?nes bores (not shoWn) 
for delivering nitrogen (N2) gas into the treating liquid. A 
pressure sensor 24b detects a pressure for delivering the 
nitrogen gas, a liquid level being determined from the 
pressure detected. The tube 24a is surrounded by a sleeve 
24c (FIG. 2) and set apart from the Wafer W, in order that 
bubbles of the nitrogen gas delivered from the tube 24a 
Would not affect Wafer treatment. The level sensor 24 may, 
for example, comprise a capacitance sensor disposed at a 
predetermined level in the treating bath 1 for detecting 
presence or absence of a treating liquid to determine a liquid 
level. 

Based on information from the level sensor 24, a level 
controller 25 drives the motor 21a to adjust a rate of How 
through the How control valve 21. Consequently, the treating 
liquid in the treating bath 1 is maintained at a level (standard 
level) shoWn in a dot-and-dash line in FIG. 1. 
When a treating liquid is supplied to the treating bath 1 

through the over?oW passage 3 in a larger quantity than a 
discharge from the treating bath 1 through the drain/supply 
pipe 4 to the drain 18, the liquid level Would rise and the 
treating liquid Would eventually over?oW from the outer 
Walls 3b of over?oW passage 3. At this time, the How control 
valve 21 may be operated to alloW an increased rate of How 
therethrough, so that the treating liquid may be draWn off in 
an increased quantity through the drain/supply pipe 4. This 
operation secures a balance betWeen the treating liquid 
supply through the over?oW passage 3 and the treating 
liquid discharge through the drain/supply pipe 4. 

Conversely, When a treating liquid is supplied through the 
over?oW passage 3 in a smaller quantity than a discharge 
through the drain/supply pipe 4, the liquid level Would loWer 
and the Wafer W in the treating bath 1 Would eventually 
contact the atmosphere. At this time, the How control valve 
21 may be operated to alloW a decreased rate of How 
therethrough, thereby to establish a balance betWeen the 
treating liquid supply through the over?oW passage 3 and 
the treating liquid discharge through the drain/supply pipe 4. 

The How control valve 21 may be mounted on the piping 
betWeen the output port OP of integrated mixing valve 9 and 
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10 
the three-Way valve 6. In this case, the liquid level is 
adjusted by controlling a treating liquid supply through the 
over?oW passage 3 to the treating bath 1. 

Where, as in the prior art, a treating liquid is supplied to 
the treating bath 1 through the drain/supply pipe 4 and 
discharged from the treating bath 1 through the over?oW 
passage 3 to the drain 7, a balance betWeen supply and 
discharge of the treating liquid may be secured by using a 
conventional technique. In this case also, Wafer treatment 
may be carried out With greater safety by detecting a liquid 
level as described above and adjusting ?oW rates of supply 
and discharge to maintain a standard liquid level. 

The liquid level Will never be loWer than the standard 
level in this treating liquid over?oW mode. HoWever, When 
the treating liquid is supplied in a smaller quantity than it is 
discharged, the treating liquid in the treating bath 1 Would 
spill out of the over?oW passage 3. In this case, as described 
hereinbefore, the level controller 25 may be operated to 
adjust the supply of deioniZed Water (treating liquid) from 
the deioniZed Water source 19 or to adjust a discharge of 
deioniZed Water to the drain 7. 

A controller 26 shoWn in FIG. 1 receives results of 
detection from the resistivity meter 8 and chemical concen 
tration monitor 20, and controls operation of the three-Way 
valve 6, the sWitch valves 10a—10a' and 12 in the integrated 
mixing valve 9, the sWitch valves 16 and 17 in the integrated 
sWitch valve 15, and the sWitch valve 22, and opening and 
closing of the auto covers 2a and 2b of open chamber 2. This 
control operation is carried out in a sequence described 
hereinafter. The controller 26 corresponds to the control 
device of the present invention, Which could be, for 
example, a microcomputer. 
The over?oW passage 3, pipe 5, three-Way valve 6, drain 

7, integrated mixing valve 9, chemical sources Ila-11d and 
deioniZed Water source 13 constitute the upper treating 
liquid discharge device and upper treating liquid supply 
device of the present invention. The drain/supply pipe 4, 
pipe 14, integrated sWitch valve 15, drain 18, deioniZed 
Water source 19, sWitch valve 22 and How control valve 23 
constitute the loWer treating liquid discharge device and 
loWer treating liquid supply device of the present invention. 
The three-Way valve 6 corresponds to the ?rst sWitching 
device of the present invention. The integrated sWitch valve 
15 corresponds to the second sWitching device of the present 
invention. The level sensor 24 corresponds to the level 
detecting device of the present invention. The level control 
ler 25, How control valve 21 and motor 21a constitute the 
How control device of the present invention. The resistivity 
meter 8 corresponds to the resistivity measuring device of 
the present invention. In this embodiment, various chemicals 
and deioniZed Water are included as the treating liquids 
according to the present invention. 

Next, a sequence of Wafer treatment in this embodiment 
Will be described With reference to the ?oWchart shoWn in 
FIG. 3. The folloWing description exempli?es a case of 
treating a Wafer With a plurality of different chemicals 
according to a recipe, and treating (cleaning) the Wafer With 
deioniZed Water after treatment With each chemical. For 
example, the Wafer is treated With liquids supplied in the 
order of a ?rst chemical, deioniZed Water (Which is one of 
the treating liquids), a second chemical (different from the 
?rst chemical), deioniZed Water, a third chemical (different 
from the ?rst and second chemicals), deioniZed Water, and so 
on. One cycle of treatment With a chemical and deioniZed 
Water is carried out at steps S3—S7 in the ?oWchart. These 
steps S3—S7 are repeated until completion of the treatment 
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With all the chemicals based on the recipe (step S8). The 
order of chemicals used in the treatment is determined by the 
recipe. 
An initial process is carried out prior to commencement of 

the treatment (step S1). In the initial process, deioniZed 
Water is caused to over?oW at a minimum ?oW rate required. 
Speci?cally, the sWitch valve 16 is closed, the sWitch valve 
17 opened and the sWitch valve 22 closed. The How control 
valve 23 is operated to reduce deioniZed Water ?owing from 
the deioniZed Water source 19 to the required minimum ?oW 
rate. The deioniZed Water is supplied at this rate through the 
pipe 14 and drain/supply pipe 4 to the bottom of the treating 
bath 1. On the other hand, the three-Way valve 6 is operated 
to place the common port CP and port P1 in communication. 
Consequently, the deioniZed Water supplied to the bottom of 
the treating bath 1 and spilling into the over?oW passage 3 
?oWs to the drain 7. 

A Wafer W is introduced While the deioniZed Water is 
over?oWing at the required minimum ?oW rate. That is, the 
auto covers 2a and 2b of the open chamber 2 are opened. 
The Wafer W is transported into the treating bath 1 and 
placed on the holder therein. Then, the auto covers 2a and 
2b are closed (step S2). 

Next, the deioniZed Water in the treating bath 1 is replaced 
With a chemical to be used in the current cycle of treatment 
(step S3). In this example, the ?rst treating liquid is deion 
iZed Water, and the second treating liquid is the chemical 
replacing the deioniZed Water. 

Speci?cally, the sWitch valve 16 is opened and the sWitch 
valve 17 is closed to draW the deioniZed Water (?rst treating 
liquid) from the bottom of the treating bath 1 to the drain 18. 
In parallel thereto, the three-Way valve 6 is sWitched from 
the drain 7 to the integrated mixing valve 9. One of the 
sWitch valves 10a—10a' connected to the chemical source 
112a, 11b, 11c or 11d Which supplies the chemical to be used 
is opened, and the sWitch valve 12 connected to the deion 
iZed Water source 13 is also opened. Thus, the chemical 
(second treating liquid) is diluted With deioniZed Water to a 
predetermined concentration, and supplied to the top of the 
treating bath 1. At this time, the level sensor 24 detects a 
liquid level. Based on the detection data, the level controller 
25 adjusts a rate of How through the How control valve 21 
to maintain the standard liquid level. In this Way, the 
deioniZed Water is replaced With the chemical While main 
taining a balance betWeen the discharge of the deioniZed 
Water and supply of the chemical. Completion of the 
replacement is determined based on Whether the concentra 
tion of the chemical in the liquid discharged, Which is 
detected by the chemical concentration monitor 20, has 
reached the predetermined concentration. 

Thus, the deioniZed Water draWn off from the bottom of 
the treating bath 1 is replaced With the chemical supplied to 
the top of the treating bath 1 (this replacement being 
hereinafter referred to also as “replacement in the doWn?oW 
mode”). The replacement of the deioniZed Water With the 
chemical is carried out smoothly by utiliZing the gravita 
tional doWn?oW of the treating liquids (deioniZed Water and 
chemical) Within the treating bath 1. It has been found 
through experiment that the quantity of the chemical used 
(or supplied) for the replacement ranges approximately from 
the same as the capacity of the treating bath 1 to tWice the 
capacity. In the conventional treating liquid replacing 
method, the quantity of a chemical used (or supplied) for 
replacement is 3 to 10 times the capacity of the treating bath. 
By contrast, in the treating liquid replacing method accord 
ing to the present invention, the second treating liquid (a 
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chemical here but deioniZed Water at subsequent step S5) is 
required in a far smaller quantity, results in a reduction in 
operating cost. 

After completing the replacement of deioniZed Water With 
the chemical, the Wafer W is treated With this chemical as 
necessary (step S4). At step S3 also, the Wafer W receives 
treatment With the chemical in doWn?oW state during the 
replacing process. Depending on the type of chemical, it 
may be desirable to maintain the Wafer W immersed in the 
chemical stored in the treating bath 1 for a predetermined 
time. In this case, the sWitch valves 10a—12a' and 12 in the 
integrated mixing valve 9 and the sWitch valves 16 and 17 
are all closed to stop the chemical supply to the treating bath 
1 and the chemical discharge from the treating bath 1 to the 
drain 18. 

The condition at step S3 may be maintained for a prede 
termined time after completion of the replacement of the 
deioniZed Water With the chemical. Consequently, the Wafer 
W is treated With the chemical continuously supplied to the 
top of the treating bath 1 While being discharged from the 
bottom thereof (this Wafer treatment being hereinafter 
referred to also as “Wafer treatment in the doWn?oW mode”). 
This treatment produces an enhanced result since the chemi 
cal contaminated through the treatment is discharged from 
the bottom of the treating bath 1. 

Next, the chemical is replaced With deioniZed Water in the 
doWn?oW mode as at step S3 (step S5). Speci?cally, the 
sWitch valve 16 is opened and the sWitch valve 17 closed to 
discharge the chemical (?rst treating liquid in this case) from 
the bottom of the treating bath 1 to the drain 18. In parallel 
thereto, the threeWay valve 6 is sWitched from the drain 7 to 
the integrated mixing valve 9. Only the sWitch valve 12 is 
opened to supply deioniZed Water to the top of the treating 
bath 1. At this time also, the level sensor 24, level controller 
25 and How control valve 21 effect the controls to maintain 
the standard liquid level. Completion of the replacement is 
determined based on Whether the concentration of the 
chemical in the liquid discharged, Which is detected by the 
chemical concentration monitor 20, has reached a predeter 
mined value. 

In this Way, the chemical is replaced With the deioniZed 
Water in the doWn?oW mode, Whereby the chemical is 
Washed off the Wafer W by the deioniZed Water. Particles and 
the like removed from the Wafer W by the chemical are 
discharged along With the chemical from the bottom of the 
treating bath 1 to the drain 18. 

Next, the three-Way valve 6 is sWitched to the drain 7. The 
sWitch valve 16 is closed and the sWitch valves 17 and 22 are 
opened to supply deioniZed Water to the bottom of the 
treating bath 1. The deioniZed Water spilling to the over?oW 
passage 3 is discharged to the drain 7. Thus, the Wafer W is 
treated (cleaned) With the deioniZed Water in the over?oWing 
state (step S6). 
The resistivity meter 8 measures the resistivity of the 

deioniZed Water ?oWing to the drain 7. The treatment With 
the deioniZed Water in the over?oWing state is continued 
until the resistivity of the deioniZed Water recovers to a 
predetermined threshold level or above (step S7). The resis 
tivity of the deioniZed Water is loW, indicating that the 
treatment is insuf?cient, if the chemical has not suf?ciently 
been Washed off the Wafer W by the deioniZed Water during 
the treatment in the doWn?oW mode at step S5 or When 
particles Washed off the Wafer W are present. By continuing 
Wafer treatment With the deioniZed Water in the doWn?oW 
mode until recovery of the resistivity of the deioniZed Water, 
the Wafer treatment may be terminated only upon con?rma 
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tion of sufficient treatment being provided, thereby assuring 
increased precision of wafer treatment. 

In this embodiment, the wafer treatment is performed 
inside the open chamber 2. Therefore, when the wafer W is 
treated with deioniZed water in the down?ow mode at step 
S5, oxygen in the atmosphere tends to be dissolved in the 
deioniZed water ?owing from the over?ow passage 3 into 
the treating bath 1. It is desirable that the deioniZed water 
used in wafer treatment has a low concentration of oxygen. 
A high concentration of oxygen in deioniZed water would 
lower the resistivity of the deioniZed water and diminish the 
effect of treatment. In this embodiment, therefore, the wafer 
treatment with deioniZed water in the down?ow mode at 
step S5 is followed by the wafer treatment with deioniZed 
water in the over?owing state at step S6. In wafer treatment 
in the over?owing state, surface portions of the deioniZed 
water contacting the atmosphere are discharged from the 
over?ow passage 3. This process restrains oxygen from 
dissolving in the deioniZed water inside the treating bath 1. 
Upon recovery of the resistivity of deioniZed water, one 

cycle of wafer treatment with the chemical and deioniZed 
water is completed. It is then determined whether this wafer 
W should be treated with a next chemical and deioniZed 
water (step S8). If further treatment is required, the opera 
tion returns to step S3. If not, the operation proceeds to step 
S9. 

At step S9, the treated wafer W is transported out of the 
apparatus. That is, the auto covers 2a and 2b of the open 
chamber 2 are opened. The wafer W is raised from the 
treating liquid (deioniZed water) in the treating bath 1, and 
transported out of the open chamber 2. Then, the auto covers 
2a and 2b are closed. At this time, the over?owing state of 
deioniZed water as at step S6 is maintained. The wafer W is 
raised from the treating bath 1 while particles ?oating on the 
liquid surface and the deioniZed water in which oxygen has 
been dissolved are discharged through the over?ow passage 
3. Thus, particles and the like on or adjacent the liquid 
surface are restrained from adhering to the wafer W. 

Subsequently, whether to terminate the wafer treatment 
(no wafer remaining to be treated) or not is determined at 
step S10. If the treatment should be continued, the operation 
proceeds to step S11. 

Step S11 is executed to prepare for treatment of the next 
wafer W. In this preparation process, deioniZed water is 
caused to over?ow at the required minimum rate as in the 
initial process at step S1. Currently, the apparatus is in the 
state of deioniZed water over?owing the treating bath 1. All 
that is required at this stage is to close the switch valve 22, 
causing the deioniZed water to be supplied through the ?ow 
control valve 23 at the minimum ?ow rate. 

In the above sequence, each chemical used in wafer 
treatment is replaced with deioniZed water in the down?ow 
mode (step S5), and then wafer treatment is carried out with 
deioniZed water in the over?owing state (step S6). Recovery 
of the resistivity of deioniZed water is monitored for each 
wafer treatment with deioniZed water in over?owing state. 
However, wafer treatment may be terminated upon con?r 
mation of results of the treatment by monitoring recovery of 
the resistivity only when the wafer W is treated with 
deioniZed water in over?owing state after a ?nal chemical 
used in the treatment is replaced with the deioniZed water in 
the down?ow mode. That is, recovery of the resistivity may 
be monitored only during a ?nal treatment of wafer W with 
deioniZed water in the over?owing state. 

Alternatively, the wafer treatment with deioniZed water in 
the over?owing state may be timer-controlled, so that this 
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treatment is performed for a predetermined time (to assure 
suf?cient treatment). In this case, the resistivity of deioniZed 
water is not monitored, and hence the resistivity meter 8 may 
be omitted. 

Where the chemicals used include HF, silicon surfaces of 
the wafer W deposited by HF react with oxygen through 
contact with deioniZed water in which oxygen is dissolved. 
This reaction forms silicon dioxide (S02) which results in 
particles. It is therefore undesirable to supply deioniZed 
water in the down?ow mode at step S5, in which oxygen 
tends to dissolve. Thus, where HF is used as a chemical, step 
S6 may be executed after step S4, bypassing step S5. 
The over?ow passage 3, drain/supply pipe 4, pipes 5 and 

14, chemical sources 11a—11a' and deioniZed water sources 
13 and 14 may be adjusted to secure a balance between 
treating liquid supply through the over?ow passage 3 and 
treating liquid discharge through the drain/supply pipe 4, 
and between treating liquid discharge through the over?ow 
passage 3 and treating liquid supply through the drain/ 
supply pipe 4. Then, it is unnecessary to control liquid level 
by means of the level sensor 24, level controller 25 and ?ow 
control valve 21. These three components may be omitted 
from the apparatus. 

In the ?rst embodiment and the other embodiments 
described hereinafter, the treating liquid supply and dis 
charge through the top of the treating bath 1 are switched by 
operating the threeway valve 6 to use the over?ow passage 
3 in both cases. A pipe for supplying the treating liquids to 
the top of the treating bath 1 may be provided alongside the 
over?ow passage 3. Similarly, a separate supply pipe and 
drain pipe may be provided to, supply and drain the treating 
liquids to or from the bottom of the treating bath 1. 

As shown in FIG. 4, a drain/supply pipe 4‘ similar to the 
drain/supply pipe 4, may be provided in upper positions of 
the treating bath 1 in order to provide a uniform treating 
liquid supply and discharge through the top and treating 
liquid supply and discharge through the bottom of the 
treating bath 1. Bores 4a‘ shown in FIG. 4 are those bores 
formed in the drain/supply pipe 4‘ (for supplying and dis 
charging the treating liquids) which correspond to the bores 
4a in the drain/supply pipe 4. 

Second Embodiment 

An apparatus in the second embodiment will be described 
with reference to FIG. 5. 

In the second embodiment, the treating bath 1 is mounted 
in a closed chamber 30 ?lled with an inert gas (e.g. nitrogen 
gas). Replacement of the treating liquids and wafer treat 
ment are conducted in an inert gas atmosphere. The second 
embodiment is the same as the ?rst embodiment in the other 
respects. Like reference numerals are used to identify like 
parts in FIG. 1 and will not be described again. 

The closed chamber 30 includes a pair of auto covers 30a 
and 30b slidable between positions shown in solid lines and 
phantom lines to enhance a sealed condition of the chamber 
30. An exhaust pipe 30c has a switch valve 31 for switching 
between an exhaust state and a sealed state. Reference 30a' 
in FIG. 5 denotes an opening for passage of a wafer W. 

A pipe 32 extends into the closed chamber 30 for sup 
plying the inert gas. The pipe 32 has a switch valve 33 
operable to supply the inert gas or to stop the inert gas supply 
from an inert gas source 34 to the closed chamber 30. 

The closed chamber 30 further includes an oxygen con 
centration monitor 35 for measuring oxygen concentration 
in the chamber 30. 
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In the second embodiment, the resistivity meter 8 is 
mounted on the drain line extending from the bottom of the 
treating bath 1 for detecting resistivity of deioniZed Water 
discharged from the bottom of the treating bath 1. 

The sWitch valves 31 and 33, pipe 32 and inert gas source 
34 constitute the inert gas supplying device of the present 
invention. The oxygen concentration monitor 35 corre 
sponds to the oxygen concentration measuring device of the 
present invention. 

Next, a sequence of Wafer treatment in the second 
embodiment Will be described With reference to the ?oW 
charts shoWn in FIGS. 6 and 7. As in the ?rst embodiment, 
the Wafer is treated, based on a recipe, With a plurality of 
different chemicals, and With deioniZed Water after treatment 
With each chemical. 

First, at steps S21 and S22, an initial process is carried out 
and a Wafer is introduced as in the ?rst embodiment (steps 
S1 and S2 in FIG. 3). 

Next, the closed chamber 30 is ?lled With the inert gas 
(i.e. purged With the inert gas) (steps S23). This operation is 
carried out by opening the sWitch valves 31 and 33 to 
exhaust air from the chamber 30 and supply the inert gas 
thereto. 

After the chamber 30 is purged With the inert gas, Wafer 
treatment is performed using the different chemicals accord 
ing to the recipe (step S24). This process folloWs the 
?oWchart shoWn in FIG. 7. 

Referring to FIG. 7, steps S31—S33 are the same as in the 
?rst embodiment (steps S3—S5 in FIG. 3) and Will not be 
described. 

In this embodiment, after the chemical is replaced With 
deioniZed Water in the doWn?oW mode (step S33), the 
doWn?oW (Wafer treatment With deioniZed Water in the 
doWn?oW mode) is maintained until the resistivity of dis 
charged deioniZed Water recovers (step S34) Without treating 
the Wafer With deioniZed Water in the over?oWing state as in 
the ?rst embodiment (step S6 in FIG. 3). That is, in this 
embodiment, as distinct from the ?rst embodiment, the 
Wafer treatment is performed in an inert gas atmosphere, and 
the oxygen concentration in the chamber 30 under normal 
conditions is loWer than a predetermined level (at Which 
oxygen dissolves in deioniZed Water With ease). In this 
embodiment, therefore, oxygen does not dissolve in deion 
iZed Water. It is unnecessary to treat the Wafer With deioniZed 
Water in the over?oWing state after treatment With deioniZed 
Water in the doWn?oW mode as in the ?rst embodiment. 

If the resistivity is found not to recover for a predeter 
mined time at step S34, an abnormality may be noti?ed to 
the operator by lighting a lamp and/or by sounding a buZZer 
to discontinue the Wafer treatment. 

Next, When the oxygen concentration monitor 35 mea 
suring an oxygen concentration in the chamber 30 indicates 
the concentration to be at or above a predetermined level 
(eg When the inert gas atmosphere is impaired), the Wafer 
is treated With deioniZed Water in the over?oWing state 
(steps S35 and S36). The Wafer treatment With deioniZed 
Water in the over?oWing state may be timer-controlled to be 
terminated upon lapse of a predetermined time. 
Alternatively, a resistivity meter 8 may be mounted on the 
drain line extending from the top of the treating bath 1, and 
the Wafer treatment With deioniZed Water in the over?oWing 
state is continued until recovery of the resistivity of the 
over?oWing deioniZed Water. As in the ?rst embodiment, 
this eliminates the inconvenience caused by dissolution of 
oxygen in the deioniZed Water. 

Then, it is determined Whether the treatment With all the 
chemicals based on the recipe has been completed (step 
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S37). If the treatment has not been completed, the operation 
returns to step S31 to perform Wafer treatment With a next 
chemical and deioniZed Water. 

Reverting to FIG. 6, When the treatment of Wafer W at 
step S24 is completed, the sWitch valve 33 is closed to stop 
the inert gas supply (step S25). Prior to raising the treated 
Wafer W from the treating bath 1, deioniZed Water is 
supplied to the bottom of the treating bath 1 to over?oW the 
top thereof to be discharged into the drain 7 (step S26). The 
treated Wafer W is raised from the treating bath 1 While the 
deioniZed Water is over?oWing. The auto covers 30a and 30b 
are opened, the Wafer W is transported out of the chamber 
30, and the auto covers 30a and 30b are closed (step S27). 
By raising the Wafer W from the treating bath 1 While the 
deioniZed Water is over?oWing as described above, any 
particles and the like ?oating on the liquid surface are 
prevented from adhering to the Wafer W. 

Subsequently, at step S28, Whether to terminate the Wafer 
treatment or not is determined as in the ?rst embodiment 
(steps S10 and S11 in FIG. 3). If there remains a Wafer to be 
treated, sWitching is made to cause deioniZed Water to 
over?oW at the minimum required rate (step S29). 
The Wafer W introduced into the treating bath 1 may be 

treated in the sequence shoWn in FIG. 8 instead of that 
shoWn in FIG. 7. The sequence of FIG. 8 differs from that 
of FIG. 7 in that step 34 and steps S35 and S36 are sWapped. 
In this sequence, the oxygen concentration in the chamber 
30 is measured While deioniZed Water is in the doWn?oW 
state at step S33. If the oxygen concentration measured is 
beloW the predetermined level, the resistivity of the deion 
iZed Water discharged in the doWn?oW state from the bottom 
of the treating bath 1 is measured. This doWn?oW state of 
deioniZed Water is maintained until recovery of the resistiv 
ity. If the oxygen concentration measured is at or above the 
predetermined level, sWitching is made to the over?oWing 
state of the deioniZed Water. The resistivity of the deioniZed 
Water discharged from the top of the treating bath 1 is 
measured. The over?oWing state of the deioniZed Water is 
maintained until recovery of the resistivity. For effecting 
Wafer treatment in this sequence, a resistivity meter 8 may 
be provided in the same location as in the ?rst embodiment 
to measure the resistivity of the deioniZed Water discharged 
from the top of the treating bath 1 to the drain 7. 
The over?oWing of deioniZed Water at the required mini 

mum rate at steps S21 and S29 in FIG. 6 may be changed to 
“doWn?oW” of deioniZed Water at the required minimum 
rate. 

At step S26 in FIG. 6, deioniZed Water is caused to 
over?oW the treating bath 1 to be on the safe side, ie to 
restrain any particles and the like on the liquid surface from 
adhering to the Wafer W raised from the treating liquid 
(deioniZed Water) in the treating bath 1. In this embodiment, 
the Wafer treatment is conducted in the inert gas atmosphere 
inside the closed chamber 30, and particles and the like 
Washed off the Wafer W are likely to be removed during the 
Wafer treatment. There is very little chance there being of 
particles and the like ?oating on the surface of the treating 
liquid (deioniZed Water) in the treating bath 1 at the end of 
the treatment. Thus, the over?oWing of deioniZed Water at 
step S26 in FIG. 6 may be omitted. 

In the sequences shoWn in FIGS. 7 and 8, the oxygen 
concentration in the chamber 30 is measured and, if the 
concentration is at or above the predetermined level, deion 
iZed Water is caused to over?oW. An increase in the oxygen 
concentration in the chamber 30 to or above the predeter 
mined level is considered, in most cases, because of a 
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problem in the closed chamber 30 or the inert gas supply line 
including the inert gas source 34. Thus, instead of taking a 
makeshift measure of causing deionized Water to over?ow, 
an operator should be noti?ed of a malfunctioning apparatus 
by lighting a lamp and/or sounding a buZZer to discontinue 
Wafer treatment. 

Where the deioniZed Water over?owing at steps S21, S26, 
S29 and S36 in FIGS. 6 through 8 is canceled altogether, it 
is possible to eliminate the deioniZed Water supply line 
extending to the bottom of the treating bath 1 (ie the 
deioniZed Water source 19, sWitch valves 17 and 22, and 
How control valve 23) and the deioniZed Water drain line 
extending from the top of the treating bath 1 (i.e. the 
three-Way valve 6 and drain 7). In this case, in order to 
realiZe “doWn?oW” of deioniZed Water at the required mini 
mum rate at steps S21 and S29 in FIG. 6, the integrated 
mixing valve 9 may be modi?ed as shoWn in FIG. 9, to 
include the sWitch valve 22 and How control valve 21 
arranged in parallel betWeen the sWitch valve 12 and deion 
iZed Water source 13. 

Recovery of the deioniZed Water resistivity of may be 
checked during the ?nal phase of treatment using deioniZed 
Water as in the ?rst embodiment (the deioniZed Water being 
in doWn?oW state or over?oWing state), or this checking 
may be omitted. 

Third Embodiment 

An apparatus in the third embodiment Will be described 
With reference to FIG. 10. 

The third embodiment differs from the second embodi 
ment in that treated Wafer W is dried in the chamber 30. The 
third embodiment is the same as the second embodiment in 
the other respects. Like reference numerals are used to 
identify like parts in FIG. 5 and Will not be described again. 

The closed chamber 30 in-this embodiment de?nes a 
space betWeen the auto covers 30a and 30b and treating bath 
1 for stopping and drying treated Wafer W. The exhaust pipe 
30c is connected also to a vacuum source 42 through a 
sWitch valve 41. This embodiment further includes an IPA 
(isopropyl alcohol) supply line having a sWitch valve 43 
operable to supply IPA from an IPA source 44 to the closed 
chamber 30. An atmospheric pressure monitor 45 is also 
provided to measure atmospheric pressure inside the closed 
chamber 30. 

The Wafer treatment in this embodiment is performed in 
the same sequence as in the second embodiment (FIGS. 6 
and 7 or 8). In this embodiment, hoWever, an additional, 
drying treatment is given to the cleaned Wafer W before 
leaving the closed chamber 30. The drying treatment is 
performed in the sequence shoWn in FIG. 11, betWeen steps 
S26 and S27 in the ?oWchart of FIG. 6. The drying treatment 
Will be described hereinafter With reference to the ?oWchart 
of FIG. 11. 

First, the sWitch valve 43 is opened to supply IPA into the 
closed chamber 30 (step S41). Next, the Wafer W is raised 
from the deioniZed Water in the treating bath 1 While the 
deioniZed Water is in over?oWing state (at step S26 in FIG. 
6), and the Wafer W is stopped in a position to be dried (step 
S42). Then, the sWitch valve 43 is closed to stop the IPA 
supply (step S43). 

Next, the deioniZed Water supply to the treating bath 1 is 
stopped, and the deioniZed Water is drained from the bottom 
of the treating bath 1 (step S44). When the treating bath 1 
becomes empty of the deioniZed Water, the sWitch valve 31 
is closed and the sWitch valve 41 opened to decompress the 
closed chamber 30 (step S45). After a predetermined time of 
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decompression, the sWitch valve 33 is opened and the sWitch 
valve 41 closed, With the sWitch valve 31 remaining closed, 
to restore atmospheric pressure in the closed chamber 30 
(step S46). The restoration of atmospheric pressure in the 
chamber 30 is determined by the atmospheric pressure 
monitor 45. Once atmospheric pressure is restored in the 
chamber 30, the auto covers 30a and 30b are opened, the 
cleaned and dried Wafer W is transported out of the chamber 
30, and the auto covers 30a and 30b are closed (step S27 in 
FIG. 6). 
As a result of the drying treatment, Water adhering to the 

cleaned Wafer W is replaced by IPA, and drying action is 
promoted by decompression. This effectively avoids the 
inconvenience of forming Water marks on the surface of 
Wafer W. The deioniZed Water is drained from the treating 
bath 1 (at step S44) prior to the decompression process (at 
step S45) in order to avoid a situation in Which the deioniZed 
Water in the treating bath 1 evaporates during the decom 
pression to affect the drying treatment of the Wafer W. 

The present invention may be embodied in other speci?c 
forms Without departing from the spirit or essential attributes 
thereof and, accordingly, reference should be made to the 
appended claims, rather than to the foregoing speci?cation, 
as indicating the scope of the invention. 
What is claimed is: 
1. A substrate treating apparatus having a treating bath for 

treating a substrate, said apparatus comprising: 
upper treating liquid supply means for supplying a treat 

ing liquid to an upper position of said treating bath; 
upper treating liquid discharge means for discharging a 

treating liquid from said upper position of said treating 
bath; 

loWer treating liquid supply means for supplying a treat 
ing liquid to a loWer position of said treating bath; 

loWer treating liquid discharge means for discharging a 
treating liquid from said loWer position of said treating 
bath; and 

treating liquid replacing means for discharging a ?rst 
treating liquid in said treating bath from said loWer 
position of said treating bath by said loWer treating 
liquid discharge means While supplying a second treat 
ing liquid to said upper position of said treating bath by 
said upper treating liquid supply means, said ?rst 
treating liquid being discharged and said second treat 
ing liquid being supplied by maintaining a balance 
betWeen a quantity of said ?rst treating liquid dis 
charged and a quantity of said second treating liquid 
supplied, thereby replacing said ?rst treating liquid 
With said second treating liquid. 

2. A substrate treating apparatus as de?ned in claim 1, 
Wherein said upper treating liquid discharge means and said 
upper treating liquid supply means comprise: 

an over?oW passage disposed adjacent said upper position 
of said treating bath for alloWing said treating liquid to 
How into and out of said treating bath; and 

?rst sWitching means for sWitching betWeen discharge of 
said treating liquid from said treating bath to said 
over?oW passage, and in?oW of said treating liquid 
from said over?oW passage to said treating bath; and 

Wherein said loWer treating liquid discharge means and 
said loWer treating liquid supply means comprise: 
a drain/supply pipe disposed adjacent said loWer posi 

tion of said treating bath; and 
second sWitching means for sWitching betWeen dis 

charge of said treating liquid from said treating bath 
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to said drain/supply pipe, and in?ow of said treating 
liquid from said drain/supply pipe to said treating 
bath. 

3. A substrate treating apparatus as de?ned in claim 1, 
Wherein said treating liquid replacing means comprises: 

level detecting means for detecting a level of said treating 
liquid in said treating bath; and 

How control means for controlling, based on said level 
detected, at least one of a quantity of said treating liquid 
discharged from said treating bath and a quantity of 
said treating liquid supplied to said treating bath to 
maintain a predetermined level. 

4. A substrate treating apparatus as de?ned in claim 1 
further comprising: 

a closed chamber for accommodating said treating bath; 
and 

inert gas supplying means for ?lling said closed chamber 
With an inert gas; 

said ?rst treating liquid being replaced and substrate 
treatment being carried out in said closed chamber 
?lled With said inert gas. 

5. A substrate treating apparatus as de?ned in claim 4, 
further comprising: 

oxygen concentration measuring means for measuring 
oxygen concentration in said closed chamber; and 

control means for discharging a chemical acting as a ?rst 
treating liquid from said loWer position of said treating 
bath, and supplying deioniZed Water acting as a second 
treating liquid to said upper position of said treating 
bath, to replace said chemical With said deioniZed 
Water, if said oxygen concentration measured is at or 
above a predetermined threshold level at Which oxygen 
is readily dissolved in said deioniZed Water, said deion 
iZed Water thereafter being supplied to said loWer 
position of said treating bath, an over?oW of said 
deioniZed Water being discharged from said upper 
position of said treating bath, to treat said substrate With 
said deioniZed Water in an over?oWing state. 

6. A substrate treating apparatus as de?ned in claim 1, 
further comprising: 

a decompressible closed chamber for accommodating 
said treating bath and de?ning a space above said 
treating bath for drying said substrate With an organic 
solvent vapor; 

organic solvent vapor supplying means for ?lling said 
closed chamber With said organic solvent vapor; and 

control means for raising said substrate While supplying 
said organic solvent vapor, after said substrate is treated 
With said treating liquid, and subsequently stopping 
supply of said organic solvent vapor and decompress 
ing said closed chamber to effect drying treatment for 
said substrate. 

7. A substrate treating apparatus as de?ned in claim 1, 
further comprising control means operable, When said sec 
ond treating liquid comprises a chemical, for causing said 
second treating liquid to be supplied to said upper position 
of said treating bath and discharged from said loWer position 
of said treating bath, after said ?rst treating liquid is replaced 
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With said second treating liquid, to treat said substrate With 
said second treating liquid in a doWn?oW state for a prede 
termined time. 

8. A substrate treating apparatus as de?ned in claim 1, 
further comprising control means operable, When said sec 
ond treating liquid comprises a chemical, for stopping 
supply and discharge of said second treating liquid for a 
predetermined time, after said ?rst treating liquid is replaced 
With said second treating liquid, to treat said substrate With 
said second treating liquid as immersed in said second 
treating liquid. 

9. A substrate treating apparatus as de?ned in claim 1, 
further comprising control means operable, When said sec 
ond treating liquid comprises deioniZed Water, for causing 
said second treating liquid to be supplied to said loWer 
position of said treating bath, an over?oW of said second 
treating liquid being discharged from said upper position of 
said treating bath, after said ?rst treating liquid is replaced 
With said second treating liquid, to treat said substrate With 
said second treating liquid in an over?oWing state. 

10. A substrate treating apparatus as de?ned in claim 1, 
further comprising control means operable, after completing 
the treatment of said substrate With said ?rst treating liquid 
and said second treating liquid stored in said treating bath, 
for causing deioniZed Water to be supplied to said loWer 
position of said treating bath, an over?oW of said deioniZed 
Water being discharged from said upper position of said 
treating bath so that said deioniZed Water is in an over?oW 
ing state, said substrate being raised from said treating bath 
While said deioniZed Water is in said over?oWing state. 

11. A substrate treating apparatus as de?ned in claim 10, 
Wherein said control means is operable for causing said 
substrate to be treated With a plurality of different chemicals 
based on a recipe, said substrate being treated With deioniZed 
Water after treatment With each of said chemicals, and 

said treating liquid replacing means is operable for replac 
ing said treating liquids betWeen treatments of said 
substrate such that each of said chemicals acting as said 
?rst treating liquid is replaced With said deioniZed 
Water acting as said second treating liquid by supplying 
said deioniZed Water to said upper position of said 
treating bath and discharging each chemical from said 
loWer position of said treating bath, said deioniZed 
Water being replaced With each chemical by supplying 
each chemical to said upper position of said treating 
bath and discharging said deioniZed Water from said 
loWer position of said treating bath. 

12. A substrate treating apparatus as de?ned in claim 11, 
further comprising: 

resistivity measuring means for detecting a resistivity of 
deioniZed Water acting as said treating liquid dis 
charged from said treating bath; 

Wherein said control means is operable, during a ?nal 
treatment of said substrate With said deioniZed Water, 
for monitoring the resistivity of said deioniZed Water 
discharged from said treating bath, and controlling 
termination of said ?nal treatment based on said resis 
tivity. 


